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CLAIMS 



[Claim(s)] 

1 . It is the approach of removing a pollutant from the front face of a work piece, and using as a clean 
substrate. Step which generates a stationary and the uniform glow-discharge plasma in one atmospheric 
pressure (760mmHg) or the atmospheric pressure around it, The plasma washing approach by which it is 
including [ the step which is made to expose said work-piece front face which has said pollutant to 
predetermined time amount and said generated plasma, removes this pollutant, and gives said clean 
substrate ] characterized. 

2. Said plasma is the plasma washing approach according to claim 1 characterized by being generated in 
one atmospheric pressure. 

3. Said plasma is the plasma washing approach according to claim 1 characterized by being generated in 
the atmospheric pressure of the range of lOmmHg (lOtorr) - 15,000mmHg (20bar). 

4. Said approach is the plasma washing approach according to claim 1 characterized by including further 
the step which generates said plasma using a radio frequency power supply. 

5. Said approach is the plasma washing approach according to claim 4 characterized by including further 
the step which operates said radio frequency power supply on the frequency of 100Hz - 30kHz. 

6. Said approach is the plasma washing approach according to claim 5 characterized by including the 
step which generates the plasma which said radio frequency power supply is operated and has 1-12 
kilo volts [/cm ] (kV/cm) electric field further. 

7. Said approach is the plasma washing approach according to claim 5 characterized by including the 
step which generates the electric field for catching ion, without operating said radio frequency power 
supply and catching an electron in it further. 

8. Said approach is the plasma washing approach according to claim 1 characterized by including further 
the step which generates said plasma using a microwave power source. 

9. Said plasma is the plasma washing approach according to claim 1 characterized by being generated in 
air. 

10. Said plasma is the plasma washing approach according to claim 1 characterized by being generated 
in the gas chosen from the group which consists of rare gas of the mixture of gas with helium, neon and 
an argon, a dinitrogen oxide, a carbon dioxide, nitrogen, and those mixture of gas and oxygen. 

1 1 . Said pollutant is the plasma washing approach according to claim 1 characterized by being chosen 
from the group which consists of a reactant with a hydrocarbon, an oil, an oxide, a pathogenic 
microorganism, a joint monomolecular film, and oxygen etc. 

12. Said work piece is the plasma washing approach according to claim 1 characterized by being chosen 
from the group which consists of a metal, plastics, a polymer, paper, a thin metal plate, and a thin film. 

13. Said approach is the plasma washing approach according to claim 1 characterized by including 
further the step which gives further the substrate sterilized [ was removed and ] and sterilized 

[ pollutant / the front face to / said ] in said work piece. 

14. Said approach is the plasma washing approach according to claim 1 characterized by including the 
step which it covers [ step ] to said washed substrate and combines this covering with the this washed 
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substrate by the improved adhesion force further. 

15. Said covering is the plasma washing approach according to claim 14 characterized by being chosen 
from a coating, adhesives, and the group that consists of a layer by which electroplating was carried out. 

16. Said washed substrate is the plasma washing approach according to claim 1 characterized by the 
distilled water contact angle of property-growth possibility measured by the fixing waterdrop trial 
showing less than 10 degrees. 

1 7. Said work piece is a flat work piece. Said approach is the plasma washing approach according to 
claim 1 characterized by including further the step which generates said plasma between the parallel 
electrode plates of a lot. 

18. The plasma washing approach according to claim 17 characterized by one of the electrode plates of 
said lot being said work piece. 

19. Said approach is the plasma washing approach according to claim 17 characterized by including 
further the step which supports said work piece between said parallel electrode plates. 

20. Said work piece is an electric conduction object. Said approach is the plasma washing approach 
according to claim 19 characterized by including the step which impresses bias to this work piece 
relatively [ electrode / said ] further. 

21. Said work piece is an electric conduction object. Said approach is the plasma washing approach 
according to claim 19 characterized by including the step which grounds this work piece relatively 

[ electrode / said ] further. 

22. Said work piece is the plasma washing approach according to claim 19 characterized by being an 
electric insulator. 

23. Said work piece is an electric conduction object which has a three-dimension-configuration. Said 
approach is the plasma washing approach according to claim 1 characterized by including the step which 
makes said plasma generate further between said work piece which plays the role of the 1 st electrode, 
and the 2nd electrode formed as a mold (mold) image corresponding to the configuration of this work 
piece. 

24. Said Work Piece is Three-Dimension-Configuration. Said Approach Furthermore, the step which 
generates the plasma using the mold image which has one insulated front face which was equipped with 
two or more strip electrodes for connecting with a plasma production power source while having the 
configuration corresponding to the configuration of this work piece, The plasma washing approach 
according to claim 1 characterized by including the step to which said work piece is exposed towards 
said plasma generated by said mold image. 

25. Said approach is the plasma washing approach according to claim 1 characterized by including the 
step which encloses said plasma and said work piece into the protection wall for accepting plasma 
production gas in a further predetermined atmospheric pressure. 

26. The washed substrate which is characterized by being washed according to the plasma washing 
approach according to claim 1 . 

27. The washed substrate according to claim 26 which is characterized by sterilizing the front face. 

28. The washed substrate according to claim 26 which is characterized by the front face being a 
microelectronics component. 

29. The washed substrate according to claim 26 which is characterized by giving bond covering chosen 
as the front face from a coating, adhesives, and the group that consists of a layer by which electroplating 
was carried out. 

30. It is Equipment for Removing Pollutant from Work-Piece Front Face, and Offering Washed 
Substrate. While Accompanying Electrode Which Became Group In the gas located between these 
electrodes, it can act in one atmospheric pressure (760mmHg) or the atmospheric pressure around it. The 
plasma cleaner characterized by having a power source for removing said pollutant from said substrate 
front face located between said electrodes for generating a stationary and the uniform glow discharge 
plasma. 

31. Said equipment is a plasma cleaner according to claim 30 characterized by having connected said 
power source and said electrode and having a matching circuit network for aiming at adjustment with 
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the impedance of this power source, and the impedance of this electrode further. 

32. Said power source is a plasma cleaner according to claim 30 characterized by being a radio 
frequency power supply. 

33. Said radio frequency power supply is a plasma cleaner according to claim 32 characterized by 
vibrating on the frequency of the range of 30kHz from 100Hz. 

34. The plasma cleaner according to claim 33 characterized by generating the plasma which said radio 
frequency power supply and said electrode unite, and has the electric field of the range of 1-12 kilovolts 
(kV/cm)/cm on the strength. 

35. The plasma cleaner according to claim 33 characterized by generating the electric field for catching 
ion, without said radio frequency power supply's and said electrode's uniting, and catching an electron in 
it. 

36. Said power source is a plasma cleaner according to claim 30 characterized by being a microwave 
power source. 

37. Said work piece is a flat work piece. Said electrode is a plasma cleaner according to claim 30 
characterized by being an parallel electrode plate. 

38. One of said the electrodes is a plasma cleaner according to claim 37 characterized by being said 
work piece. 

39. Said equipment is a plasma cleaner according to claim 37 characterized by having further a means to 
support said work -piece BISU, between said parallel electrode plates. 
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DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

The surface washing installation by the glow discharge plasma in atmospheric pressure, and field of the 
washing approach invention This invention relates to the equipment and the approach for washing the 
front face containing a metal or plastics in a clean level higher than the conventional solvent, an acid 
bath, or a cleaning agent. Especially this invention relates to the surface washing technique for washing 
a front face using the active species from the glow discharge plasma which can act with atmospheric 
pressure. 

Background of invention It is found out that it is possible to offer much industrial application from those 
[ other ] from which the cleanliness of a reinforcement [ that / the substrate for having the front face like 
rust proofing by which electroplating was carried out, and / of the layer by which electroplating was 
carried out ] front face [ by which plasma washing was carried out ] adhesive property, an adhesive 
property [ reinforcement / front face / of a coating ], glued connection nature [ reinforcement / that / of 
front faces ], and a front face including surface sterilization is one element. According to an operation of 
the plasma washing processing in atmospheric pressure, the need over the vacuum system which cost 
requires, batch processing which accompanies the low voltage glow discharge which is recognizing 
current existence, and the plasma treatment used industrially is lost. 

In physical science, the gas ionized partially [ the vocabulary the "plasma" ], or on the whole is meant, 
and this is also sometimes called "the 4th condition of the matter." The industrial plasma described 
below was ionized partially and consists of ion, an electron, and a neutral kind. This matter condition is 
made by a hot or strong direct current (DC) or radio frequency (RF:radio frequency) electric field. 
The high brightness plasma of a high energy consistency is represented with a star, nuclear explosion, a 
plasma torch, and an electric arc. The glow discharge plasma of a middle energy density is made with 
the free electron activated by impressed DC or RF electric field, and causes dispersion with a neutral 
molecule. Of dispersion with a neutral molecule, energy moves to a molecule or ion and various active 
species (active species), such as photons (ultraviolet rays, light, etc.), an excited atom and a molecule, an 
unstable thing, an individual atom, a free radical, a molecule fragment, a monomer, an electron, and ion, 
are formed. These active species have a number or dozens of eV energy (movement), or are in an 
excitation energy condition to that extent. (leV is equivalent to about 1 1 ,600-degree kelvin absolute 
temperature.) This is quite higher than the chemical binding energy for example, accompanying 
chemical washing processing. These active species can form a medium with energy higher than that for 
plasma washing of the twist which can reach by low chemical washing processing of energy after that 
more (the monomolecular film and contamination of a contaminant which were strongly combined by 
the front face can be removed more effectively in this way). Use with a low pressure and atmospheric 
pressure is possible for low brightness plasma of low power, such as dark discharge and a corona, to the 
surface treatment of various materials. However, since it is a low energy density in comparison, corona 
discharge will only change many surface characteristics of a material merely comparatively gently, if it 
merely becomes so much. 

Generally, the power flux density cannot satisfy use of the corona discharge in surface washing from a 
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low thing. Moreover, use of suitable filament discharge of a mean power consistency is unsatisfying 
from the effectiveness being non-uniformity. Use of an arc or a plasma torch is not a satisfaction **** 
thing, either. The reason is that the energy density is fully high for damaging many processing materials. 

In many application, although the glow discharge plasma can offer sufficient active species to bring 
forth important effectiveness on the average, it does not have such brightness high enough that a 
processing front face is damaged. However, probably, one should notice the old glow discharge plasma 
generally generated fully in the low voltage force or imperfect vacuum environments (for example, 10 
etc. torrs or less etc.). From this, a vacuum system use with batch processing, and expensive purchase 
and maintenance of a processing material is needed. 

The essential description of this invention is becoming possible to carry out plasma washing of the front 
face in atmospheric pressure. This is preferably attained in atmospheric pressure using the uniform glow 
discharge which can be acted in the suitable plasma power flux density which offers sufficient 
brightness of active species, without damaging a processing front face. Generally in atmospheric 
pressure, the technique of making the low plasma of moderate high power flux density generating is 
known. Such plasma can be generated using the uniform glow discharge plasma reactor in atmospheric 
pressure. This glow discharge plasma reactor is indicated by U.S. Pat. No. 5,387,842, U.S. Pat. No. 
5,403,453, U.S. Pat. No. 5,414,324, the U.S. application 08th / No. 068 or 739 (May, 1993 28 
applications), and the U.S. application 08th / No. 254 or 264 (June, 1994 6 applications). When these 
contents quote in each (the whole), some of these specifications shall be made. 

The purpose and outline of invention Since it explained above, the main purposes of this invention are to 
provide the equipment and the approach for carrying out plasma washing using the uniform glow 
discharge plasma with front faces, such as a metal, plastics, paper, and other materials, in various 
atmospheric pressures containing atmospheric pressure. 

Moreover, the purpose of this invention is also offering the front face which has higher cleanliness and 
by which plasma washing was carried out, when it is measured by standard waterdrop and the contact 
angle test rather than it can do in the conventional washing processing containing a solvent, a cleaning 
agent, an acid bath, stirring, or ablation. 

Moreover, the purpose of this invention is also offering the front face where adhesive properties', such 
as a coating's, adhesives', a film's, and electroplating covering, have been improved greatly and by 
which plasma washing was carried out. 

Moreover, the purpose of this invention is also offering the front face by which plasma washing was 
carried out for application, such as the sterilization purpose and microelectronics. 
According to this invention, a stationary and the glow discharge plasma in atmospheric pressure are 
generated on the front face which should be washed. It is desirable to use the uniform glow discharge 
plasma in the atmospheric pressure generated by microwave, RF, or the low frequency RF ion trapping 
device. The plasma used in order to make surface washing effective can be generated in the atmospheric 
air in the atmospheric pressure less than [ about 1 atmospheric pressure (760mmHg) or it ] or beyond it, 
or other gas. This plasma can be formed by said low frequency ion trapping device, other RF, the glow 
discharge plasma by which microwave generation was carried out, or corona discharge (however, the 
comparatively long exposure time is required for the low power flux density of corona discharge). It is 
related with RF or the glow discharge plasma by which microwave generation was carried out besides 
the above, and is R.J, for example. 

VIDO marl (Vidmar, R.J.) him — SRI project 8656 "plasma cloakroom which is the last report (1991) of 
(the SRI International (SRI International) in the California MENRO park (Menlo Park, C.A.)) : Air 
chemistry, Broadband absorption and plasma production" (Plasma Cloaking: Air Chemistry, Broard 
Absorption, and Plasma Generation), Mr. Y. MITSUDA (Mituda) indicated by 249-252 pages of the 
instrumentation study review (Rev.Sci.Instum.) No. (1989) 60 — ** — "— the application 0 to 
development and its diamond composition of a new microwave torch [ Development ] of a New 
Microwave Plasma Torch and its Application to Diamind Synthesis", A. It is indicated by "the 
microwave destruction in gas (Microwave Breakdown in Gases)" of LCCCN 66-22841 (1966) by Mr. 
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D. Macdonald (MacDonald, A.D.). 

The work piece (workpiece) which should be washed to the front face which is an electric conduction 
object is either of whether it is inserted between the electrode plates of the one or the plasma reactor of 
RF electrode plate of a plasma reactor. A work piece is whether it is made ****** or to carry out bias 
with plasma potential. To the front face which is an electric insulator, the work piece which should be 
washed is exposable to the active species of the plasma by inserting it into the plasma generated between 
two parallel plates (it is made to expose). 

If a work piece has a complicated three-dimension-configuration (for example, automobile bumper), the 
required plasma is generable using the mold (mold)-like image of the work piece as one electrode, and 
the work piece as an electrode (the 2nd) corresponding to it (if there is electrical conductivity). It is 
carrying out for making it face the mold image which has the front face where the useful alternative-like 
arrangement was equipped with the strip electrode which can use a processing front face for generating 
the plasma (using the low frequency ion trapping device which already made reference for example) to 
both an insulating three-dimension-work piece and a three-dimension-work piece with electrical 
conductivity. In the operation gestalt of this latter, a stationary and the glow discharge plasma in 
uniform atmospheric pressure are generated by the front-face top of mold with the same profile as work 
piece, and its upper part, and offer plasma immersion and active species to the work piece which 
counters. It insulates from the insulator equipped with the strip electrode parallel on that front face, or a 
mold image, and mold which has this same profile can be used as the electric conduction object which 
supports the strip electrode which separated mutually and was placed in parallel about. 
The strip electrode which will be substituted if a mold image, a strip electrode, or a mold image is an 
insulator is connected to the antipole of a radio frequency (RF:radio frequency) power source. In order 
to generate the required plasma, one or more strip electrodes connected to one terminal of RF power 
source are pressurized relatively [ image / which has the electrical conductivity connected to another RF 
terminal relatively / electrodes / adjoining / one or more / strip / mold ]. RF power source has such a 
high electrical potential difference that it is enough to cause glow discharge on a mold image front face. 
About 10 kilovolts [ per cm ] local field [ / near the strip electrode ] are suitable to cause the plasma into 
atmospheric air. 

RF power source is in low frequency comparatively to the uniform glow discharge device in which ion 
is trapped. The ion generated along with line of electric force in the plasma generated by inter-electrode 
such makes a frequency high enough that it does not have only the time amount which gives impact to 
one of electrodes between the half cycles of vibration along with line of electric force. However, let the 
frequency be a thing low enough, so that it has only the time amount which gives impact to an electrode 
surface or a mold image between the half cycles of vibration, without carrying out the trap of the plasma 
electron to the plasma. Usually, from about 100Hz, although the frequency of 30kHz is suitable, it is 
dependent on electric field, or an arrangement configuration and other factors. Of this device, an 
electron flows into an electrode, or it accumulates in a mold image front face, and the cation of the 
plasma is formed. In this way, formation of not the filament discharge that usually accompanies the trap 
of both ion and an electron but a stationary, and the uniform glow discharge plasma is attained. 
Although being caught by such explanation is not its real intention, the following description is the most 
suitable physical processings to which active species purifies the front face exposed in practice, when 
the above-mentioned technique for acquiring the active species to which plasma production of [ for 
generating uniform glow discharge in atmospheric air, and making plasma washing effective ] was 
carried out is applied. 

In atmospheric pressure, a material front face is covered with the monomolecular film from which the 
adsorbed contamination significant work 100 is reached, these monomolecular films contain the 
machine lubricant or the plasticizer of a hydrocarbon especially in an outside layer in the lowest layer 
(or) which adjoins especially a work piece including the atmospheric air or other gas from the 
environment where a work piece is exposed. The outermost monomolecular film is bound to the work 
piece very loosely, and its usual heat energy (an equivalent for a room temperature) of 0.025eV is 
enough in approximation to remove them generally. However, the bound energy of the adsorbed 
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monomolecular film increases and the value (for example, many matter 4.5eV) near the work function 
energy of a work piece is reached as a work-piece front face is approached. 

Since the bound energy of the adsorbed monomolecular film carries out target change gradually in this 
way, it becomes easy to remove the outermost monomolecular film with a cleaning agent, a solvent, an 
acid bath, or other chemical means. However, it cannot be said that such a chemical means is enough to 
remove some last film and the monomolecular film restricted especially most strongly. 
In the case of a metal, in the case of machine lubricant, a polymer, or plastics, such a remaining 
monomolecular film is a plasticizer in many cases. Only such a monomolecular film has harmful effect 
to surface free energy, a waterdrop contact angle, and a surface wettability. Usually, when such a 
monomolecular film exists, a result to which a wettability and the adhesive property on the front face of 
a work piece of other materials decrease is brought, the surface layer by which electroplating was 
carried out may exfoliate by this, a coating may exfoliate or come off, and (or) the glued connection to a 
front face can end in failure 

Although it is generally very difficult, if several layers of these last are actually unable to be removed by 
the usual chemical means, the removal will become possible by using the active species which is 
obtained from the uniform glow discharge in atmospheric pressure and which has energy more, the 
energy of an excitation state which generates the kinematic temperature, the energy, the electronic light, 
and electronic ultraviolet rays within the plasma is in several eV order, the energy which this is equal to 
the bound energy of a bottom monomolecular film, and accompanies chemical species and the chemical 
washing approach — ****— it hears ~ it exceeds. In this way, if the active species from the plasma is 
used, detergency theoretically, higher purely, than chemical preparation like [ it becomes possible to 
adsorb on a front face, to be a reliance many and to remove a deeper monomolecular film and is 
unprecedented ] will be realized. This is useful for the application which is large and improves the 
adhesive property of a coating, an electroplating layer, adhesives, etc. and which it is both in the 
sterilization purpose and microelectronics. 

Easy explanation of a drawing Drawing 1 is the schematic drawing having shown the arrangement of an 
parallel electrode plate for washing it as one electrode using a flat work piece. 

Drawing 1 a is the schematic drawing having shown the arrangement of the parallel electrode plate for 
washing a work piece in other operation gestalten of this invention. 

Drawing 2 is the schematic drawing having shown arrangement of the parallel electrode plate for 
washing a work piece with the electrical conductivity inserted between flat and parallel electrode plates 

♦ ♦ ♦ <¥ ^ 

Drawing 3 a is the schematic drawing having shown the parallel plate reactor for washing an electric 
insulator work piece in the plasma generated between two flat and parallel electrode plates. 
Drawing 3 b is the schematic drawing having shown the parallel plate reactor in the alternative operation 
gestalt for washing an electric insulator work piece in the plasma generated between two flat and parallel 
electrode plates. 

drawing 4 — as the 2nd electrode ~ a mold image ~ using it — a three dimension — like (it curved) 
It is the schematic drawing having shown the reactor for generating the plasma near the front face of a 
work piece with electrical conductivity. 

Drawing 5 a and drawing 5 b are the schematic drawing having shown the reactor for using the mold 
image with the same profile as a work piece with three-dimension-(it having curved) electrical 
conductivity equipped with the parallel strip electrode for generating the plasma, and generating the 
plasma near the front face of the work piece. 

Drawing 5 c is the schematic drawing having shown the parallel plate reactor for generating the plasma 
using an parallel strip electrode. 

Drawing 5 d is the schematic drawing showing the line of electric force made with the strip electrode 
parallel in the case of plasma production. 

Drawing 6 a and drawing 6 b are with the mild steel front face by which plasma washing was carried out 
with the surface of metal washed in former, and are an elevation for comparing the contact angle and 
wettability. 
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Drawing 7 is the schematic drawing of the enclosed plasma washing system. 

Detailed description This invention relates to the equipment and the approach for washing the front face 
containing a metal or plastics in a higher clean level rather than it can do with the conventional solvent, 
an acid bath, or a cleaning agent. Especially this invention relates to the surface washing technique 
which uses the glow discharge plasma which can act with atmospheric pressure. 

The plasma is generated in the air in about 1 atmospheric pressure, or other gas. The plasma is generable 
also by the pressure higher them atmospheric pressure or the low pressure if needed. In case glow 
discharge also of the gas other than air is carried out in it, it can be used. Although such gas can contain 
rare gas, such as helium, neon, and an argon, with a dinitrogen oxide, a carbon dioxide, nitrogen and 
those mixture of gas, or the mixture of gas of them and air, it is not limited to these. Oxygen is mixable 
with the above-mentioned gas to 20% if needed. 

According to this invention, plasma washing of the far-reaching front face in a three-dimension-work 
piece is possible. This work piece may be a metal, a polymer, plastics, paper, or other materials, and 
batch processing or the expensive vacuum system use needed by a low pressure (inside of vacuum) 
plasma cleaning method etc. since it can act in one atmospheric pressure or the pressure around it 
becomes unnecessary. 

When the plasma is generated in atmospheric air, an electrode and the plasma can be exposed, in the 
application accompanied by a professional risk, being exposed to generation gas or the potential thing 
which boils other than this and is depended and for which the environment equipment dealt with by this 
invention or a work piece is enclosed with a defense wall is possible. For example, easy [ of the cover 
made from a material like the Plexiglas (brand name) sheet so that it might further fully argue below ] is 
carried out beforehand, and equipment and a work piece are stored there, and while minimizing risk of 
being based on ultraviolet rays, it becomes possible about the by-product-gas or active species harmful 
from an exposed region on the above-mentioned work piece leaking to stop to the minimum. Supposing 
it is used, the suitable entry and suitable outlet for the work piece dealt with can be established in an 
enclosure. When plasma gas is except surrounding atmospheric air, this enclosure plays the role of the 
additional function for preventing followers 1 medium escaping from a processing field while holding 
raw gas. 

Drawing 1 is drawing having shown the plasma cleaner by this invention for carrying out plasma 
washing of the work piece. In a right end, the plasma 2 in a stationary and uniform atmospheric pressure 
is generated among the electrodes 3 and 4 of a lot. The front face (that is, work piece) with the electrical 
conductivity which should be washed plays the role of one electrode 3, and the parallel (suitable various 
metals and an electric conduction object were formed either) front face 4 plays a role of the piece crack. 
As it more fully argues below, a front face 4 can be in the mold image and ******** which have [ in the 
case of a flat work piece ] the same profile evenly in the case of a curve-or three-dimension-work piece, 
it is the plasma by which the work piece was generated if needed in either on an outside front face or an 
inside front face (for example, inside of cavernous tubing) — things can be carried out. For example, 
drawing 1 a is drawing where one of them became a work piece (electrode 3) and in which having 
shown equipment l 1 which has the electrodes 3 and 4 of a lot. In this case, the inside front face of a work 
piece is washed. It is used for the susceptor of an insulator opening spacing of the electrode of a piece 
crack, and a work piece in this last. 

At least one of the electrodes 3 and 4 of a lot is insulated (covered with dielectrics on which oxide or 
glass, and a flame were sprayed, such as a coating of oxide and the silicon base), and it is desirable to 
bar to carry out an arc. For example, the electrode 4 of the piece crack of drawing 1 a has a glass plate 
for an insulation. 

The parallel pole 4 which has the same profile as a front face 3 and it with electrical conductivity is 
connected respectively at the opposite phase of the output of the radio frequency (RF) power source 5. 
The suitable matching circuit network 6 aims at adjustment of the impedance load of an electrode and 
the power source which accompanies it using the technique known well to this contractor (in order to 
maximize an efficient power transfer). 

According to the desirable operation gestalt of this invention, in order to generate the plasma using a 
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low frequency ion trapping device, RF electrical potential difference must be high to inter-electrode, to 
about 10 kilovolts [ per cm ] destructive electric field, or atmospheric air as the destructive electric field 
beyond it are generable. RF electrical potential difference must also have the frequency on which not an 
electron but plasma ion is caught by inter-electrode. The general frequency for realizing this is in the 
field between about 30kHz from about 100Hz. By such approach, the cation of the plasma can be 
accumulated, the plasma volume can be left freely, and the semi- neutrality of bipolarity is made by the 
electron which can be accumulated or recombined on an electrode surface. Also when an electron is 
caught by inter-electrode between half cycles, the filament discharge which is not desirable occurs as a 
result, the case where only ion is caught — this — a stationary — and — semi — the neutral and uniform 
glow discharge plasma is formed in the RF inter-electrode on a work piece. 

Drawing 2 is drawing having shown other operation gestalten about the equipment 10 by this invention 
for the plasma which washes a work piece. Equipment 10 is substantially equivalent to the equipment 1 
of drawing 1 . However, the parallel (or it had the same profile) metal electrodes 1 1 and 12 which 
became a group in this case are used, and the plasma is generated as reference was already made. A 
work piece 13 is located in the plasma volume 14 which progressed between two electrodes 1 1 and 12. 
A work piece 13 is whether it is grounded electrically (setting to 15), or (setting to 16) bias is impressed 
so that it may become suitable for a certain predetermined application in such a case. Since a work piece 
13 does not play a role of one of the working electrodes any longer, equipment 10 can use the electric 
insulator work piece arranged suitably among the opposite electrodes 1 1 and 12 also for carrying out 
plasma washing as illustrated suitably for drawing 3 a. It is also possible to make two separated fields 
(for this to be able to wash both sides of two separated work pieces or the same work piece, and for 
thing use to be carried out if needed) for arranging the intermediate screen grounded among electrodes 
1 1 and 12, and including the plasma as shown in drawing 3 b. The suitable means for supporting an 
inter-electrode work piece in the case of washing in which case is offered. Various thin metal plates and 
textiles, and a film are used for such a purpose (as a support), and the support chosen (in order to 
support a work piece) is maintained by the condition that it was fully close to the front face of em 
adjoining electrode so that it can avoid injuring the plasma generated (in order to process a work piece). 
Drawing 4 is drawing which is twisted to this invention and in which having curved or having shown 
other operation gestalten about the equipment 20 for carrying out plasma washing of the three- 
dimension-work piece. Every time the whole equipment removes the electrode which is the 
configuration where the profile of a work piece was met, it is equivalent to the equipment already 
described substantially. A work piece 21 acts on this last advantageously as one of the electrodes. The 
profile which met the profile of a work piece is given to the electrode 22 of a piece crack as illustrated. 
In this gestalt, as reference was already made, electrodes 2 1 and 22 are connected at the opposite phase 
of the output of each radio frequency (RF) power source. 

Electrode 22* of the piece crack of plasma cleaner 20' (this is similar to the equipment 20 of drawing 4 in 
respect of others) is given with convenience sufficient as a mold image of a work piece, and meets the 
profile of the work piece washed as drawing 5 a and drawing 5 b are shown further. In this arrangement, 
a work piece 21 (for example, it curved or three-dimension-work piece) is blown with electrode 22' of 
the piece crack which acts as one of the electrodes again, and is in the configuration where it 
corresponded. Electrode 22 1 of a piece crack is given as an insulated front face 23, and two or more strip 
electrodes which separated mutually and became parallel arrange it on it. To this physical arrangement, 
two different versions are possible, and that each has the special feature in the method of electrical 
connection. In one method as shown in drawing 5 a, the insulated surface of metal 23 is connected at 
one phase of RF power source, and all the strip electrodes 24 are connected to juxtaposition at the phase 
of another side of RF power source. ** on which line of electric force draws an arch by this arrangement 
between the strip electrode 24 and a surface of metal (under the insulating layer among them) 23 — an 
electrostatic bipolar configuration is formed, on the other hand, in the 2nd method as shown in drawing 
5 b, surface 23' with which it insulated (electrical conductivity or electric insulation) becomes 
suspension --**** (opened wide) — or it is grounded — it is that either. Moreover, the parallel strip 
electrode 24 is connected alternately at the opposite phase of RF power source. The bipolar electrostatic 
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configuration which draws an arch by this arrangement between the parallel strip electrodes 24 with 
which line of electric force adjoined each other and which was stabilized electrically is formed. Drawing 
5 c is drawing having shown the similar application to the substrate formed as a flat plate of the strip 
electrode 24. The strip electrode 24 is connected to a power source 5 by different arrangement, in order 
to generate the plasma on a flat electrode plate. 

In the operation gestalt of drawing 5 a and drawing 5 b, RF electrical potential difference is set up so 
highly enough that sufficient electric field to generate the plasma on the front face of a mold image are 
generable. This is applied like the operation gestalt of the flat plate of drawing 5 c. The electric-field 
level of about 10 kilovolts per cm is enough to this in atmospheric air. RF frequency is comparatively 
low to a low frequency ion trapping device, and it is for about 30kHz from about 100Hz. If drawing 5 d 
is referred to, the frequency should be so low that ion is caught on inter-electrode line of electric force 
between the half cycles of RF vibration. However, it should not be as high as an electron is caught 
similarly (at this time, filament discharge may be formed instead of the plasma of isomorphism). 
It is useful to use the mold image by this invention for washing not only a simpler flat work piece but 
the complicated work piece which has 2 and a three-dimension-curve. The mold image for plasma 
washing can be used in case the complicated three-dimension— anyway work piece of an insulator or an 
electric conduction object is washed. 

The plasma washing processing by this invention is about 1 atmospheric pressure (for example, 10 torrs 
(torr)). 

since - in the atmospheric air of the range to 15,000 torrs (20 bars (barr)), or other gas, the step 
generated with the means which described a stationary and the uniform glow discharge plasma above, or 
it and an equal means, and the step which exposes a work-piece front face to the active species of the 
plasma between suitable time amount (it is made to hit directly) are included. In this way, a 
hydrocarbon, an oil, an oxide, a pathogenic microorganism, the monomolecular film combined strongly 
and oxygen, and contaminants which react, such as some matter (or other active species), can be 
removed in the purpose of washing, sterilization, and junction from the material of a large number 
containing a metal, plastics, a polymer, a thin metal plate, a thin film, paper, etc. 

If it is the exposure time for 2 or about 3 minutes, generally it is enough, it was found out as a result of 
such exposure that the distilled water contact angle of the property-(measured by the fixing waterdrop 
trial (Sessile Water Drop Test)) growth possibility of a metal is improved from about (it was shown in 
drawing 6 b - as) 90 degrees to less than 10 degrees. The contact diameter of waterdrop improves 
similarly even about 3mm to about 10mm, or more than it. In this way, when contact falls, removing the 
monomolecular film combined with it brings a result of expected ****** from a surface of metal, and a 
front face can be made so clean that it is unprecedented. Moreover, disinfectant [ outstanding ], and a 
coating, an electroplating layer, adhesives and the affinity that was excellent in other covering gestalten 
are realized. 

The exposure time of a work piece is related to fluctuation of a plasma consistency (power flux density), 
and is adjusted by changing it. For example, a certain given cleaning effect (waterdrop contact angle) 
can realize the longer thing to do for time amount (from 7 minutes to 10 minutes) application, or 
(lOOmW / cubic centimeter extent) the high power-flux-density plasma by [ shorter ] carrying out time 
amount (for several seconds) application for the low power-flux-density plasma (lmW / cubic 
centimeter extent). Such a thing is dependent also on the cleanliness in the early stages of surface. That 
is, in order to wash a dirtier front face, it compares that it is not so dirty, either and a little long time 
amount is required. Applied voltage is not actually so more decisive than plasma power flux density. 
Generally the usual electric field are 1 to 12 kilovolts (kV/cm) (2 [ as opposed to / For example, / gas 
like helium ])/cm. 

It is in the range of 8.5 kilo volts/cm to a gas like 5 kilovolts [ cm ] /and air. 

Desirable raw gas is air (atmospheric air). The reason is that it can offer the oxidation active species for 
removing the adsorbed monomolecular film (pollutant common to a metal which checks many kinds of 
surface coating, adhesion, and association) which cost does not start but consists of the machine oil of a 
hydrocarbon. What something evaporates can be used similarly if needed. In many cases, the gas 
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containing the mixture of gas of oxygen and oxygen or an oxygen molecule is the most effective. 
However, when the matter for which the adsorbed monomolecular film needs the active species of other 
classes is included, other raw gas is suitable. For example, if reduction air is required to remove the 
existing monomolecular film, hydrogen or other reducing gas can be used. If it is profits-like [ for there 
to be no chemical activity on the other hand ], helium or other rare gas will be used. 
Drawing 7 is drawing having shown the gestalt of operation of the plasma cleaner 25 by this invention 
for using the active species obtained from gases other than the air in atmospheric air, and washing a 
work piece 26. Equipment 25 is substantially equivalent to the equipment 10 of drawing 2 . However, 
the field which contains electrodes 1 1 and 12 in this case is surrounded in the suitable enclosure 27 for 
shutting up activity air (that is, gas chosen for specific application). An enclosure 27 is effectively 
formed with other equal materials, such as a PUREKISHI sheet (brand name) or glass. Both of these 
shut up air with the transparency that it can look into, and are satisfying about the capacity which can 
absorb ultraviolet radiation (plasma). A metal enclosure can also be used if needed. It is provided in 
order that an entry 28 may accept activity gas, and the corresponding outlet 29 is offered in order to emit 
raw gas (by known approach in addition to this). The enclosure 27 is usable also when activity gas is the 
air in either a reduction pressure or an increase pressure. 
(Example) 

The following description explains an example of uniform glow discharge plasma washing with 
atmospheric pressure. Moreover, this is for explaining this invention, and it is not given in order to limit 
the range of this invention in any way. 

Plasma washing processing by this invention was performed in the air of atmospheric pressure. A flat 
metal sample is RF (setting in flat and parallel gestalt) electrode (that is, equipment of drawing 1 ). 
It was used as one **. The sample was the mild steel containing the iron currently used widely in 15mm 
in 6x8cm around and thickness, and the industrial world. These samples suited two conditions. In the 
condition [ "having received" ], the sample was not washed or processing of the last polishing was 
performed at manufacture works. In the condition "it was washed", the sample was first washed by the 
suitable cleaning agent and was washed in the acid bath after that. The contact angle of the sample set 
was [ in / in both / the waterdrop trial ] 70 degrees to 90 degrees. 

Standard dishwashing processing which rubbed and included picking etc. according [ a sample set ] in 
both to after that, hot water, the chitin detergent from the former, and fine steel wool was performed. 
The contact angle and wettability of a sample did not change substantially after such processing. The 
waterdrop contact angle was still between 70 degrees and 90 degrees, and the contact diameter of the 
waterdrop when wetting wet was about 3mm. When waterdrop evaporated from these sample front 
faces, it seemed to be the steel which a front face has in the condition of not oxidizing, is smooth, and 
gloss also has, and was truly polished. 

As for the sample set, both were exposed to the uniform glow discharge plasma in atmospheric pressure 
between things for 3 to 6 minutes into atmospheric air after that. By such exposure, the waterdrop 
contact angle fell to less than 10 degrees from for 70 to unsettled 90 degrees, although this was changed 
with the exposure time, it comes out enough for [ of exposure to the air plasma ] 3 minutes to decrease a 
contact angle greatly, there is, and, so, the monomolecular film (probably hydrocarbon) which adsorbed 
(weakening association to a sample — it is) was able to be removed greatly. 

The trial under the same conditions was tried by various materials containing aluminum, stainless steel, 
plastics, plastic film, etc., and the same result was obtained by the exposure time for about 30 to 60 
seconds. In such a test sample, for three months or more, a small waterdrop contact angle and a small 
wettability were maintained, while the signs of what nature fall had not been looked at by them, either. 
Various alterations about the detail, material, and configuration of the components described and 
explained here in order to explain the description of this invention are possible for this contractor to the 
principle of this invention described by the following claims, and within the limits, for example, it is 
also possible to improve this invention, to dry a newsprint quickly (and — to fix), and to avoid the dirt in 
subsequent use. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



(Example) 

The following description explains an example of uniform glow discharge plasma washing with 
atmospheric pressure. Moreover, this is for explaining this invention, and it is not given in order to limit 
the range of this invention in any way. 

Plasma washing processing by this invention was performed in the air of atmospheric pressure. A flat 
metal sample is RF (setting in flat and parallel gestalt) electrode (that is, equipment of drawing 1 ). 
It was used as one **. The sample was the mild steel containing the iron currently used widely in 1 5mm 
in 6x8cm around and thickness, and the industrial world. These samples suited two conditions. In the 
condition [ "having received" ], the sample was not washed or processing of the last polishing was 
performed at manufacture works. In the condition "it was washed", the sample was first washed by the 
suitable cleaning agent and was washed in the acid bath after that. The contact angle of the sample set 
was [ in / in both / the waterdrop trial ] 70 degrees to 90 degrees. 

Standard dishwashing processing which rubbed and included picking etc. according [ a sample set ] in 
both to after that, hot water, the chitin detergent from the former, and fine steel wool was performed. 
The contact angle and wettability of a sample did not change substantially after such processing. The 
waterdrop contact angle was still between 70 degrees and 90 degrees, and the contact diameter of the 
waterdrop when wetting wet was about 3mm. When waterdrop evaporated from these sample front 
faces, it seemed to be the steel which a front face has in the condition of not oxidizing, is smooth, and 
gloss also has, and was truly polished. 

As for the sample set, both were exposed to the uniform glow discharge plasma in atmospheric pressure 
between things for 3 to 6 minutes into atmospheric air after that. By such exposure, the waterdrop 
contact angle fell to less than 10 degrees from for 70 to unsettled 90 degrees, although this was changed 
with the exposure time, it comes out enough for [ of exposure to the air plasma ] 3 minutes to decrease a 
contact angle greatly, there is, and, so, the monomolecular film (probably hydrocarbon) which adsorbed 
(weakening association to a sample — it is) was able to be removed greatly. 

The trial under the same conditions was tried by various materials containing aluminum, stainless steel, 
plastics, plastic film, etc., and the same result was obtained by the exposure time for about 30 to 60 
seconds. In such a test sample, for three months or more, a small waterdrop contact angle and a small 
wettability were maintained, while the signs of what nature fall had not been looked at by them, either. 
Various alterations about the detail, material, and configuration of the components described and 
explained here in order to explain the description of this invention are possible for this contractor to the 
principle of this invention described by the following claims, and within the limits, for example, it is 
also possible to improve this invention, to dry a newsprint quickly (and — to fix), and to avoid the dirt in 
subsequent use. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

The surface washing installation by the glow discharge plasma in atmospheric pressure, and field of the 
washing approach invention This invention relates to the equipment and the approach for washing the 
front face containing a metal or plastics in a clean level higher than the conventional solvent, an acid 
bath, or a cleaning agent. Especially this invention relates to the surface washing technique for washing 
a front face using the active species from the glow discharge plasma which can act with atmospheric 
pressure. 

Background of invention It is found out that it is possible to offer much industrial application from those 
[ other ] from which the cleanliness of a reinforcement [ that / the substrate for having the front face like 
rust proofing by which electroplating was carried out, and / of the layer by which electroplating was 
carried out ] front face [ by which plasma washing was carried out ] adhesive property, an adhesive 
property [ reinforcement / front face / of a coating ], glued connection nature [ reinforcement / that / of 
front faces ], and a front face including surface sterilization is one element. According to an operation of 
the plasma washing processing in atmospheric pressure, the need over the vacuum system which cost 
requires, batch processing which accompanies the low voltage glow discharge which is recognizing 
current existence, and the plasma treatment used industrially is lost. 

In physical science, the gas ionized partially [ the vocabulary the "plasma" ], or on the whole is meant, 
and this is also sometimes called "the 4th condition of the matter." The industrial plasma described 
below was ionized partially and consists of ion, an electron, and a neutral kind. This matter condition is 
made by a hot or strong direct current (DC) or radio frequency (RF:radio frequency) electric field. 
The high brightness plasma of a high energy consistency is represented with a star, nuclear explosion, a 
plasma torch, and an electric arc. The glow discharge plasma of a middle energy density is made with 
the free electron activated by impressed DC or RF electric field, and causes dispersion with a neutral 
molecule. Of dispersion with a neutral molecule, energy moves to a molecule or ion and various active 
species (active species), such as photons (ultraviolet rays, light, etc.), an excited atom and a molecule, an 
unstable thing, an individual atom, a free radical, a molecule fragment, a monomer, an electron, and ion, 
are formed. 
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(7 6 0nniHg) i/'li<e*i&Tt L < ii •eftfcLh^EEK istf <f>*^;£ 
0#*Al-J3^T£)£T«>£t j^SS-C^*-.* ieoX^X-^JjU arSMft'f 4- 



http://www4.ipdl.ncipi.go .jp/tjcontentdben.ipdl?N0000=21&N0400=image/gif&N0401=/... 12/14/2006 



Page 1 of 1 



(12) 1 1-507990 

*f4 K-v- )V (Vidtaar.R.J.j f-,/) s R T ->* * ? N 8 6 5 6 <* •) 7 * *.=. 
T*H * ^ D ? (Menlo Park, C.A.) l^*SR!0?-tv'3t^ (SRI 
International) ) *>*»tt& (1991f) T-i&>* rT^Xv^n-* : 
ib^, fA^MlSL. 43 ^X-v^jft (Plasma Cloaking ; A1r Chemistry, Br 

card Absorption and Plasma Generation) j t, gEit^V"?* - (Rev.Sci. 
Instum.) f 6 Of « 1 9 8 9$) <?)2 4 9 - 2 5 2^—>'i:SifJlf;Y. 5 
;y (Mituda) &c><f> rifr I ^^-i ? u 7 - ^-<?>^ ji t -e^*^ r^e y 
K &)£^<7?Ec»ffl (Development of a New Microwave Plasma Torch and its Appl 
ication to Wamind Synthesis) j , a. D. Y + A, K (MacDonald, A.D 
0 ftHiiLC CCN66-22S4 1 ( 1 9 6 6%) (O rtf-XpJUjSJtS^ 
^ ti 7 - (Mi crowave Breakdown in Cases) j K ICR $in> "»<&«> 

mKtx3£f&-C £>& fE@£ft LT, ffc^-y-^ii 7- P (workpiece) f j; / 

•5XTiiiiTv!-frxf6^^ -f ft ^"C * 0 m*lttfB*iHt-?<l> a £ B u it l 

T 

li, ft*"*-"** 1 ?-* tf-*ii % ^ti^Z^xo^y'v - heo|H|?-£jfc£ftfc7 
, «eftU#J5&T.& (J2») litLTW?-?!:'-^^^ f-t-^K) ife^ 



http://www4.ipdl.ncipi.go .jp/tjcontentdben.ipdl?N0000=21&N0400=image/gif&N0401=/... 12/14/2006 



Page 1 of 1 



»ao-v'txp)y ?mm. t^a. ass * * - & * 

h •) vymttti, fe^ffl?^ (RF : radio frequency) m8ger>£*t&K& 
^?n*o *±j£T-o tub , R fW«-90(I? it*: 



http://www4.ipdl.ncipi.go.jp/tjcontentdben.ipdl?N0000=2 1 &N0400=image/gif&N040 1 =/. . . 12/1 4/2006 



Page 1 of 1 



* >fe 5ft < KM £ ft tzi£&* *) & < u tt + 55- 1 ii ^ * 4r n 0 
14* J «^T*jg#.i:**o CftUitj, «**y**ftfc£iIiJi:6*illJfcL-rt:*K 
-«t*^«»ft^*ift, «£ «? ^*Ji/^«o**ft1^B«'*ffl"r*c * *; J: o THTS6 1 



http://www4.ipdl.ncipi.go.jp/tjcontentdben.ipdl?N0000=2 1 &N0400=image/gif&N0401=/... 1 2/1 4/2006 



Page 1 of 1 



05 cJi, MJ •y7'I.i$'tSLTy7Xv$:4lifet*r^cofiT/ 



http://www4Jpdl.ncipi.go.jp/tjcontentdben.ipdl?N0000=21&N0400=image/gif&N0401=/... 12/14/2006 



Page 1 of 1 



& * ^ t « 13 t?* « „ 

SBaSit-, TS® 1$ * Jt *"T * et» i: ffl H "C * * . 

%g em ft KB 

o y?X-?tt«SfciSi;T**t£J: «) t*wBt1}. £ 7i:^fe^JE:^^?• i t£)£;0 5 ^r 
• l.***^ -Iftri-I, rMfcft*. toxtf*nt»9>&&x.ik 

4 i i A © % m v * x A <t> ft ffl **3p W t ft *> * 



http://vAvw4.ipdl.ncipi.go.jp/tjcontentdben.ipdl?N0000=2 1 &N0400=image/gif&N040 1 =/... 1 2/1 4/2006 



Page 1 of 1 



(17) 1 1-507990 

■7 - ^ t: - 70 at— ?«>m&3 0»iKil*Srt:U ( ? 4 3*4 *jaiB«r&JR**$& 
To ISITKJ3V*TJ: •j+jjKRflftSft* J: ■? tt, X® 4 <7 - ^ fc: - 7.<D 

Mortfll) ± ^ f it jJ> ffi 3 H £ X 7 X ^ & £ £ t* £ & 0 

t«Sf 1' £*5jU.£S -7-2^ fcf- xooj*jffl|?l@#T?fcTS?it 

3 > 4 <7>^<fc <H — ^3WMM» ? *i ( i x. »f > SHtft* * ii # 
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LTX7Xv£±)£T&£tf, RFm.EJi. l ■izy^mfz^m l 04d 

§ * « A ^ <> <7>T"4- ♦* it & $ o R F 'EJE 14 » S^Tii Or < . /?X 

•v >r * y tfmmm 2 *l «-> « >t »ja t < x 4 h & ^* cni-^ 

X\ rMt^<?>a 4"l£j9*ft ffi £ it « , S^ri 5 ^-* < * ru<r>m k iHn ttft £ it 

ov*Xtttta&flrtM^9 L&IB-t?&*. l 0 li£1ftt£<iia l oil l U 

#ort:> ^SimSl K l 2*>M«S**i., ttCfSfjifcJ:iu/7^^ 
-7 - ^ fcf - X 1 3 Ji 2 OW'IS 1 K 1 2WWC«lLfcy?X-?# 

6KJ3i/»T) *4 T7v*«9Jjq$*t4bj>><^'/>r >7-^t:-7, 1 3ii<> 

4J:?U, gglOli, iEK*i-<7>agl 1, 1 2 <Z>ffl Uj&sS Kg£S 

7 - * t: - x * /7 X-7 ft * <?> U <> ft ffi * £ t WeJ « „ m 3 
bK^SitTi-^.©.*: t EM 11,12 i^BCT- x^n^^n^^ >) - y 
S:SIL, X?X-**^tffc<e>«> 2 Lfc^ifc (inMSClttT, 2 
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S*£ft. #^*#S«s ifitiK *IT7<*A*« hfcLT) i ? Lr^l&3 

^U«ffl?ii, (7-? tr- x ft fell) ifijii^fiK- Mi, ( 

7- * if - x ^ffllti £«><7» ±j£ ? jtfc 7"? Xv £. * fcM-f-ft £ 
im*i?c, ft liwlffiu fBS t fcttS * ft * o 

UfEJfcSftfcgSKit&LT^fto :<OWC, 7-*t£-;*2 1 li^go— o 
fc LTfWUftffltto Hip?ftT^4 J: 1 U, M"t<ftomffi2 2 Utt, 7-* 

j-Jr-jUs UI2K 2 2 tt*ft-F*L4)Mm (RF) Bif.O£iJ£>eo IEK*t<7> 

05 a .1:125 bUfc^T?£U;*SftTnftJ: /?X?aiSl2 0' 
(£ftlitt<o&-CliEB4 (ry&mz OKSKfiLTv^j <oH-fflft<oSM2 2' ii, 

7 _ ^ tf _ xnmm-i * - >> * lt» & & *i. ftm s ft& 7 - 9 tf - » 

3 ^7&&5ft 7- * lift OTttta—s t tTftffl U *t£& L fcJEMfcU 

**M-«iftomft2 2' tja**-fr*>?ft* Q «-tn*io«tt2 2' ii«t«?ft^iE 

@2 3 h LT4x.<5ii, ^-o±tc(i, sv»cilii, ^oTfri ft -? }- 
') y XlSfl«S?lt*, £ »tl&5SU: ii 2 oeo^-p fc;t- ->* 3 >*«nr|j6^ 

ft, x i- ?ystt2 4«-r-cTiiRF«ig<7>-it£^<7>7ji-X(cM^!it^$n 

ft, iWffiiCt-jT, lKS^h')v/lg2 4t <-efte><7>WK&fti9£ 
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(£ft*fti£gg (Sessile Wfeter Drop Test) K «K K iJsg * *i. 
fc> ^ft'ft<7>s£g7k^^7> 1 (06 b^w?n/t:J: t U) 15 9 0" l 0° * 

>) t^ni5i:-^^&5-r ^'5:^ 0 1 frb 1 2* 
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fa*maiioe\a; jbppiscaua* **> 


A. CLASSIFICATION OF SUBJECT MATTES 

IPO CJ • PJcjwc Sec Extftl Sheet . 
US CL .J J*>85. W.I; 2 !&'«7. 72 . |3* I 
Acccramc id uucOTononU Patem. Clu&iricauc-o UPC> or u? coih nrtJcsaf cUuiiicsnon 







Mcnbturr. dbzumcnutiM uiitN trla»*i»£*i**n sy*t«> jaUcwed by riasfcrfceanon symbol* i 



V S. ! 560*5. 643 . 1 : 21 6/*?. 72: 1 *in 



^loci/fB^ (bt» bisc cwsunco during Ujc ^ntorrauooal *«rcft <n*cnc of i*u bw end. wttctr pcowicihJe. ocotcfj terras ikoo] 



c, documents cows^ehed to be relevant 



Caepoiy" 



Ckatioa of <Jaco wtoi . seder aduE- ^fccre epproprute. trf (he rclcwtii pai«£c* 



*«ie*fci h> cJ«n No 



US, A, 3,414,324 iROTH ET AL! 09 May 1935. see entire 
oocament. 



US, A, 5,631,862 IOTSUBO ET AL> 02 July 1996, Column 
3, lines 38-52. Column 5, linos 14-31. Column 6, tines 16- 
20. Column 7. lines 30-33. 

US. A, 4,804.431 (RIBNEFU U February 1989, Column 1, 
lind$ 44-47. 



OS, A, 5,162,633 (SONOBC ET AL| 10 November 1S92, see 
entire document. 



t-2, 4-7, 9-10, 
17, 25, 30, 32- 
36 , 47-40. 51 

1, 12-13, 26, 
30, 53-64 



3, 18-21. 27- 
28 r 38-<U, 50. 
55 

8, 23, 30, 36- 
37. 43 



PA rwther docu tixnu a rr Ihicd in Ifcr pn^niaH iyw of Btt C. . Q • Sec oei<nt bmily antte». 




U filial tht» Of pcj>rVY 




V<iA*<*>*xn» toa p**w» «blbd t& lb* «rt 
•■oc unci iafl*{» of ttt# OMsrJ fceifr 



Dfclc ol" rt»c ictus! <.o»tptei^» ai lUt mirntKta^ai jaarrfj 
2? JULY :?5& 


Dtto at milling t>T tfu Tguertaaomt worth report 

27 AUG 1996 


Natm tnd m« En p e&favu of the ISAJL'S 
Bo* PCT 

Watfcmftoa, O.C. M»l 
F»ewmiteKo. r»3) 305-3230 
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C*tr$arv' 


Ciizstitsrt of doctntcrc. c^tti inditefMw . wfecre AppcopmEC. of the *c!e% 




ftsicvcinttn ebim Mo. 


y 


\ 

US, A. 4,465,547 (BELKE. JR- ET AL) 14 August, I984 v 
Column L lince 65-68, Column * ? lines 16-20. 


LI, 14-15, 29, 
52 t 56 



US. A» 5.272.417 (OHM!) 21 December, 1993, Column 17, lines 
40-43, 

US, A» 5,403,453 CROTH ET AL) 04 April 199-5, see emirs 
document. 



22, 31,42 
16 



FOJTO PCT7JSA/210 (OOtKimiiUon a/ jn^rad ihc?i>Cii}y |99!)t 
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A. CLASSIFICATION OF SUBJECT MATTrR- 



B*4C J/22: CQ3C 25A»: HD1L 21/305: C2SF 1/00; C23F J/OC; BG©Q3/i2, 6*». 7A». 7 AC 



Fonn PCT;i5A/310 (inn si»eti><Juty J992>* 
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